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INTRODUCTION

For the past four years, we have developed a software framework called RUBE. RUBE’s purpose is to
provide a modeler with a way in which to better integrate the phenomenon being modeled and the model
itself. This integration is done using multiple visual modes of display, allowing the dynamic models, as well
as the phenomena, to be displayed in 3D. Figure 1 displays the RUBE architecture. Our use of ontologies
within the RUBE project is founded on two approaches: (1) schema definitions and XML files for model
types and model files; and (2) an OWL representation of a sample air reconnaissance scene. We proceed
with these in sequence.

RUBE begins its process with two types of interfaces: a 2D interface using the SodiPodi tool, and a 3D one
using Blender, which is a tool for authoring and animating 3D scenes. The simulation analyst builds a scene to
be simulated, and then builds dynamic models of that scene. The dynamic models are translated into MXL
(Multimodel eXchange Language). MXL contains an ontology (or XML schema) defining certain model types
and how they are defined. For example, a Finite State Machine contains an initial state, a set of states, and
transitions. DXL (Dynamics eXchange Language) is a lower-level homogeneous block-model language capable
of describing both synchronous and asynchronous execution of block networks. As such, DXL networks
reflect behaviors such as those found in digital circuits as well as more loosely connected data flow networks.
Both MXL and DXL are XML languages. Each has a schema, defining the language as an ontology.
Returning to the process defined in Figure 1, a model is converted into MXL and then DXI, and finally into
a target language such as Java or Javascript. This Javascript code is then reinserted into the scene. This is
done by first exporting the Blender scene into an X3D (eXtensible 3D) file and then defining the Javascript
in X3D script nodes. The final X3D scene file, intact with both geometric and dynamic properties, is then
executed to yield the simulation. In addition to the work performed in RUBE, we have recently started to
create an ontology that attempts to bring all knowledge about an application domain together. Figure 2
shows a network relating elements of a scene (JSTARS, F15, and UAV) with the geometry and dynamics of
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these objects we have listed the defined styles that might be required during the formatting process. The
idea here is that we can use RUBE to generate objects, that are then updated in the ontology. Moreover, we
can add to the ontology manually, if necessary, to express the semantic relations. We are using OWL for
expressing the network, and the Stanford Protégé tool for managing the links. There is a two-way
connection between Blender and Protégé so that information can be entered in Protégé and then appear in
Blender, and vice versa.

2D & 3D
2D interface ' 2D & 3D
Scene file > RUBE dynamic

_) .
(Sodipodi) Merge engine lynan
>< modeling file
3D interface N 7
7

MXL file Simulation file
(Blender) —

Simulation file

@ulation code
CmPackJ/S

DXLtoJavascript
translator using
DOM

MXLtoDXL
translator using
XSLT

MXL file > DXL file >

Figure 1: RUBE Framework, from Interface to Code Generation
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RESULTS & DISCUSSION

This contract has resulted in a comprehensive set of published results which are defined below. We
list the books completed, archival journal articles, and conference articles published. The contract
also permitted three students to earn their doctoral degrees.
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